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(54) ELECTRIC VEHICLE CONTROL DEVICE
(67)  An electric vehicle control apparatus includes a
plurality of current collectors that take in electric power
from an outside, a convertor unit that converts a voltage
input through the current collectors into a direct current
having a predetermined value and outputs the direct cur-
rent, and a power storage unit connected to and charged
and discharged by the convertor unit. The convertor unit
includes a convertor circuit and a control unit (14). The
control unit (14) includes a current adjusting unit (66) that
generates a current command which is a command for

an electric current of the convertor circuit, and adjusts
the magnitude of the current command on the basis of a
current collector state signal. The current collector state
signal indicates whether the current collectors are in a
state in which the current collectors can normally take in
the electric power from the outside. The control unit (14)
further includes a current control unit (67) that controls
the electric current of the convertor circuit on the basis
of the current command.
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Description
Field
[0001] The presentinvention relates to an electric ve-

hicle control apparatus served for propulsion control of
an electric vehicle.

Background

[0002] In general, an electric vehicle is configured to
take in electric power from an overhead wire with a cur-
rent collector and drive an electric motor with a power
converting device such as an inverter using the taken-in
electric power to travel.

[0003] Inthe electric vehicle, when the brake is applied
to a car, a so-called regenerative brake that regenera-
tively operates an electric motor to obtain a brake force
is used. Regenerative power generated at this point is
supplied to loads such as air conditioners of other power-
running cars and cars present near the own car via an
overhead wire, a third rail, and the like and consumed by
the loads.

[0004] However, in the early morning, at night, and a
quiet railroad section, other cars are sometimes absent
near the own car (regenerative loads are insufficient).
The regenerative power generated by the regenerative
brake is sometimes not sufficiently consumed. When the
regenerative power of the own car is larger than electric
power consumed by the other cars, an overhead wire
voltage rises. It is likely that various devices connected
to the overhead wire are tripped or broken by an over-
voltage.

[0005] Therefore, when the overhead wire voltage ris-
es, an inverter device performs regeneration squeezing
control for squeezing the regenerative brake and sup-
pressing the generation of the regenerative power. In this
case, because a regenerative braking force is reduced
by the regeneration squeezing control, the reduced and
insufficient brake force is supplemented by a friction
brake.

[0006] On the other hand, the use of the friction brake
leads to exhausting a part of kinetic energy of the electric
vehicle, which is originally capable of performing power
regeneration, to the atmosphere as heat. Therefore,
there is a problem in terms of energy saving.

[0007] Therefore, a system has been developed in
which a power storage device such as a secondary cell
or an electric double layer capacitor is mounted on an
electric vehicle and regenerative power is stored in the
power storage device according to necessity to obtain a
stable regenerative brake even when regenerative loads
are insufficient (see, for example, Patent Literature 1).
Note that the electric power stored in the power storage
device can be used when the electric vehicle accelerates
next time. Therefore, power saving is attained.

[0008] The electric vehicle mounted with the power
storage device can travel on a non-electrified route with-
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out a facility of an overhead wire. In this case, the electric
vehicle drives an electric motor and accelerates using
only electric power from the power storage device. Re-
generative power generated by the electric motor during
braking is entirely stored in the power storage device.

Citation List
Patent Literature

[0009] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open No. 2005-278269

Summary
Technical Problem

[0010] When the electric vehicle mounted with the
power storage device operates in a non-electrified sec-
tion at arelatively long distance, the operation is not eco-
nomical because a large number of power storage de-
vices are mounted on a car. Therefore, a form is con-
ceivable in which a conductor for charging (hereinafter
also referred to as overhead wire) connected to a trans-
former substation or a charging facility functioning as a
power supply is set in a terminal station, an intermediate
station, an intermediate section, or the like of the non-
electrified section and the overhead wire and a current
collector (hereinafter also referred to as pantograph) are
brought into contact with each other to perform charging
(additional charging) for the power storage device, a
charging amount of which decreases because of
traveling in the non-electrified section.

[0011] In this form, the electric vehicle lifts the panto-
graph while traveling under an overhead wire for charging
or stops right under the overhead wire for charging and
lifts the pantograph, brings the pantograph into contact
with the overhead wire for charging, and electrically con-
nects the pantograph to the overhead wire for charging.
Consequently, a voltage is applied to the pantograph.
Therefore, the electric vehicle detects the voltage with
an electric vehicle control apparatus and starts a charg-
ing operation for the power storage device via a power
converting unit such as a converter circuit.

[0012] In the charging operation, it is necessary to re-
cover the charging amount of the power storage device
as quickly as possible. Therefore, the electric vehicle per-
forms the charging with a large current via the panto-
graph. Note that, while the electric vehicle is traveling, a
contact point of the overhead wire and the pantograph
always slides and moves. Therefore, heat generating
points by contact resistance disperse and there is a cool-
ing effect due to a traveling wind. Therefore, a relatively
large current can be fed to the pantograph.

[0013] However, while the power storage device is
charged during the stop of the electric vehicle, a heat
generating place is localized because the contact point
of the overhead wire and the pantograph does not
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change. Further, the temperature of the contact point of
the overhead wire and the pantograph tends to rise be-
cause there is no traveling wind. Therefore, the magni-
tude of the electric current that can be fed to the panto-
graph decreases compared with the magnitude of the
electric current fed during the traveling.

[0014] A configuration is conceivable in which, to en-
able charging with a large current during the stop of the
electric vehicle while suppressing a temperature rise of
the contact point of the overhead wire and the panto-
graph, a plurality of pantographs electrically connected
to one another are mounted on the electric vehicle to
disperse an electric current flowing to the pantographs.
[0015] As a problem of such a configuration, it is as-
sumed that a part of the pantographs do not normally
operate. For example, a part of the pantographs are bro-
ken, do not sufficiently rise, and do not come into contact
with the overhead wire. Even in this case, a voltage is
applied to the power converting unit from the other elec-
trically-connected normal pantographs. Therefore, the
electric vehicle control apparatus recognizes that the
pantographs are normally connected to the overhead
wire and starts the charging operation for the power stor-
age device with an electric current set in advance.
[0016] Inthis case, an electric currentlarger than usual
flows into the non-defective pantographs, and the tem-
perature of the contact point of the pantograph and the
overhead wire excessively rises. It is likely that damage
to the normal pantographs and the overhead wire such
as erosion and fusing of the contact point is caused.
Then, the charging to the power storage device is impos-
sible and the electric vehicle is unable to travel.

[0017] The presentinvention has been devised in view
of the above, and it is an object of the present invention
to provide an electric vehicle control apparatus capable
of charging a power storage device during traveling and
during a stop of an electric vehicle while suppressing a
temperature rise of a contact point of a pantograph and
an overhead wire.

Solution to Problem

[0018] The presentinvention is directed to an electric
vehicle control apparatus that achieves the object. The
electric vehicle control apparatus includes a plurality of
current collectors that take in electric power from an out-
side; a power converting unit that converts a voltage input
through the current collectors into a direct current having
a predetermined value and outputs the direct current;
and a power storage unit connected to and charged and
discharged by the power converting unit. The power con-
verting unit includes a main circuit unit and a control unit.
The control unitincludes a current adjusting unit thatgen-
erates a current command which is a command for an
electric current of the main circuit unit, and adjusts the
magnitude of the current command on the basis of a cur-
rent collector state signal, the current collector state sig-
nal indicating whether the current collectors are in a state
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in which the current collectors can normally take in the
electric power from the outside; and a current control unit
that controls the electric current of the main circuit unit
on the basis of the current command.

Advantageous Effects of Invention

[0019] According to the present invention, there is an
effect that it is possible to charge a power storage device
during traveling and during a stop of an electric vehicle
while suppressing a temperature rise of a contact point
of a pantograph and an overhead wire.

Brief Description of Drawings
[0020]

FIG. 1 is a diagram of a configuration example of an
electric vehicle control apparatus in a first embodi-
ment.

FIG. 2 is a diagram of a configuration example of a
converter unit in the first embodiment.

FIG. 3 is a diagram of a configuration example of a
control unit in the first embodiment.

FIG. 4 is a diagram of a configuration example of an
electric vehicle control apparatus in a second em-
bodiment.

FIG. 5 is a diagram of a configuration example of a
control unit in the second embodiment.

Description of Embodiments

[0021] Embodiments of an electric vehicle control ap-
paratus according to the present invention are explained
in detail below with reference to the drawings. Note that
the present invention is not limited by the embodiments.

First Embodiment

[0022] FIG. 1 is a diagram of a configuration example
of a first embodiment of the electric vehicle control ap-
paratus according to the present invention. An electric
vehicle control apparatus 100 in this embodiment is a
control apparatus that controls driving of an electric ve-
hicle. As shown in FIG. 1, electric power from a trans-
former substation, which is an external power supply, not
shown in the figure is input from an overhead wire (a
conductor) 1 to a converter unit 10, which is a power
converting unit and is, for example, a DC (Direct Cur-
rent)-DC converter, via current collectors 2a and 2b. A
return current from the converter unit 10 is connected to
a rail 4 through a wheel 3 of the electric vehicle and re-
turns to a negative side of the not-shown transformer
substation.

[0023] In FIG. 1, the current collectors 2a and 2b are
shown as pantographs. However, the current collectors
2a and 2b can be current collectors having other shapes.
For example, when the overhead wire 1 is a third rail, the
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current collectors 2a and 2b are current collecting shoes
corresponding to the third rail. Note that the current col-
lectors 2a and 2b are electrically connected to each other.
Note that the number of current collectors electrically
connected to one another is not limited. The present in-
vention can be applied as long as a plurality of current
collectors is electrically connected to one another.
[0024] Note that current-collector-state detecting units
5a and 5b are respectively provided in the current col-
lectors 2a and 2b. The current-collector-state detecting
units 5a and 5b detect or determine whether the current
collectors 2a and 2b are respectively in a normal contact
state with the overhead wire 1 (a state in which the current
collectors 2a and 2b can normally take in electric power
from the outside) and outputs a result of the detection or
the determination as a current collector state signal PU.
[0025] Specifically, for example, when the current col-
lectors 2a and 2b are the pantographs, the current-col-
lector-state detecting units 5a and 5b only have to be
configured to determine, using a sensor or the like,
whether the pantographs are not in a folded state and
whether the pantographs rise sufficiently for coming into
contact with the overhead wire 1.

[0026] The converter unit 10 includes a converter cir-
cuit 13, which is a main circuit that performs direct cur-
rent/direct current conversion, and a control unit 14. For
example, the converter unit 10 converts a voltage of
about DC 1500 volts of the overhead wire 1 into a voltage
(e.g., about 700 volts) of a power storage unit 50 and
outputs the voltage. Note that a voltage value converted
by the converter unit 10 is not limited to this example.
[0027] Note that, in the above explanation, the over-
head wire 1 is a direct-current power supply. However,
when the overhead wire 1 is an alternating-current power
supply, the converter circuit 13 is suitably a PWM (Pulse
Width Modulation) converter circuit, which is a circuit ca-
pable of bidirectionally converting input alternating-cur-
rent power into direct-current power.

[0028] An inverter unit 30 is connected to an output of
the converter unit 10. The inverter unit 30 includes an
inverter circuit, which is a main circuit that performs direct
current/alternating current conversion. The inverter cir-
cuit is suitably a voltage-type PWM inverter circuit. Be-
cause a circuit configuration of the inverter circuit is pub-
licly known, explanation of the circuit configuration is
omitted.

[0029] The power storage unit 50 is connected to the
output of the converter unit 10. A power storage device
such as a secondary cell or a capacitor is incorporated
in the power storage unit 50. Electric energy necessary
for the electric vehicle to travel a predetermined distance
can be charged in the power storage unit 50.

[0030] An electric motor 40 is connected to an alter-
nating-current output side of the inverter unit 30. A plu-
rality of electric motors 40 can be connected in parallel.
The electric motor 40 drives the wheel 3 and causes the
electric vehicle to travel. A rotation detector 41, which
detects rotating speed of the electric motor 40, is provided
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in the electric motor 40. The rotation detector 41 inputs
speed VEL, which is rotating speed information of the
electric motor 40, to the converter control unit 14. Note
that the rotating speed information of the electric motor
40 is not limited to be obtained by the rotation detector
41 and can be obtained using other means.

[0031] Note that the inverter unit 30 can include an
auxiliary power supply device that performs power supply
to an auxiliary machine such as an air conditioner.
[0032] Intheexample showninFIG. 1,aformis shown
in which one converter unit 10, one inverter unit 30, and
one power storage unit 50 are connected. However, the
present invention can also be applied when a plurality of
converter unit 10, a plurality of inverter units 30, and a
plurality of power storage unit 50 are connected.

[0033] Inthe example shownin FIG. 1, a configuration
is shown in which the inverter unit 30 is connected to the
output of the converter unit 10. However, a form other
than the configuration can be adopted. For example, a
form can be adopted in which the converter unit 10 and
the inverter unit 30 are connected in parallel to the current
collectors 2a and 2b. The present invention can be ap-
plied as long as the power storage unit 50 is connected
to the output of the converter unit 10.

[0034] The configuration of the converter unit 10 is ex-
plained. FIG. 2 is a diagram of a configuration example
of the converter unit 10 in the first embodiment of the
presentinvention. The converter unit 10 includes the con-
verter circuit 13, which is a main circuit and a power con-
verting circuit, and the control unit 14 that ON/OFF-con-
trols a switching device (not shown in the figure) included
in the converter circuit 13.

[0035] A signal IS, which is a signal indicating an input
current to the converter circuit 13, a signal 1B, which is a
signal indicating an output current from the converter cir-
cuit 13, a signal VEL, which is a signal indicating speed
of the electric vehicle, and the current collector state sig-
nal PU, which is a signal indicating states of the respec-
tive current collectors 5a and 5b are input to the control
unit 14. When the current collectors 5a and 5b are pan-
tographs, the current collector state signal PU is a signal
including state information, which is a detection result or
a determination result indicating whether the respective
pantographs sufficiently rise and are in a contact state
with the overhead wire 1.

[0036] The configuration of the control unit 14 is ex-
plained. FIG. 3 is a diagram of a configuration example
ofthe control unit 14 in the firstembodiment of the present
invention. As shown in FIG. 3, the control unit 14 includes
a current adjusting unit 66 and a current control unit 67.
The signal VEL indicating vehicle speed of the electric
vehicle, the current collector state signal PU, and a charg-
ing current command ICRFE are input to the current ad-
justing unit 66. The current adjusting unit 66 generates
a signal IREF, which is a current command value of the
converter circuit 13. The signal IREF is, for example, a
current command value of the output current IB from the
converter circuit 13. However, the signal IREF is not lim-
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ited to this.

[0037] Aninput current limitation value ISLIM is set on
the inside of the current adjusting unit66. ISLIM is a value
indicating a limitation value of the input current IS to the
converter unit 10. For example, when it is desired to limit
the magnitude of the input current IS to the converter unit
10 to maximum 100 amperes, ISLIM is set to 100 am-
peres.

[0038] ISLIM is input to a selection processing unit 64
as signals A, B, and C respectively via a gain (an ampli-
fier)61,again62,andagain63.InFIG. 3, as an example,
the gain 61 is shown as 1.0 time, the gain 62 is shown
as 0.8 time, and the gain 63 is shown as 0.5 time. As
explained below, the signal A is used as a limitation value
for an input current input when both the current collectors
2a and 2b normally rise. The signal B is used as a limi-
tation value for an input current during traveling input
when one of the current collectors 2a and 2b is not nor-
mal. The signal C is used as a limitation value for an input
current during a stop of the electric vehicle input when
one of the current collectors 2a and 2b is not normal.
Values of the gains are not limited to the example shown
in FIG. 3.

[0039] The selection processing unit 64 selects any
one of the signals A, B, and C on the basis of the vehicle
speed signal VEL and the signal PU and outputs the se-
lected signal to a limiting unit 65 as a signal ISLIM1. A
selection method for the signals A, B, and C is explained
below.

[0040] A charging current command ICREF is input to
the limiting unit 65. The charging current command
ICREF is a command value of a charging current for the
electric vehicle to perform charging from the overhead
wire 1 for charging to the power storage unit 50. The
charging current command ICREF can be a value set in
advance on the inside of the control unit 14 or can be a
value input from the outside.

[0041] The limiting unit 65 limits the magnitude of the
charging current command ICREF on the basis of the
input current IS and the signal ISLIM1 and generates the
signal IREF. Specifically, the limiting unit 65 suppresses
the magnitude of the charging current command ICREF
and generates the signal IREF to prevent the magnitude
of the input current IS to the converter unit 10 from be-
coming larger than the signal ISLIM1. Note that, besides
being directly input as shown in the figure, the input cur-
rent IS can also be calculated from the current IB or the
like. Therefore, the limiting unit 65 can be configured to
calculate the input current IS from the current IB.
[0042] The signal IREF is input to the current control
unit 67. The current control unit 67 carries out feedback
control to set an electric current (e.g., IB) of the converter
unit 10 to a value indicated by the signal IREF. The cur-
rent control unit 67 generates GD, which is an ON/OFF
signal to the switching device of the converter circuit 13,
and outputs the ON/OFF signal GD.

[0043] Operations are explained. Itis assumed thatthe
electric vehicle arrives at a chargeable station in a non-
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electrified section, lifts the current collectors 2a and 2b,
and performs charging to the power storage unit 50 with
electric power from the overhead wire 1.

[0044] A target value of the magnitude of a charging
current to the power storage unit 50 is determined ac-
cording to the charging current command ICREF. A cur-
rent value that can be fed to each of the current collectors
2a and 2b is assumed to be, for example, 100 amperes.
The current value is a value determined according to a
contact area, a contact pressure, a material, and the like
of contact places of the current collectors 2a and 2b and
the overhead wire 1. The current value is a value deter-
mined in advance to prevent the temperature of the con-
tact places from becoming excessively high. When an
electric current exceeding this current value is fed, the
contact places are overheated by electric resistance of
the contact places and causes damage such as erosion
and fusing of the current collectors 2a and 2b and the
overhead wire 1.

[0045] When the current value that can be fed to each
of the current collectors 2a and 2b is 100 amperes, as
the input current limitation value ISLIM, 200 amperes,
which is a total current of the current collectors 2a and
2b, is set. Therefore, the signal A is a value indicating
200 amperes, the signal B is a value indicating 160 am-
peres, and the signal C is a value indicating 100 amperes.
[0046] The selection processing unit 64 determinesthe
signal ISLIM1, for example, as explained below accord-
ing to the current collector state signal PU and the vehicle
speed signal VEL.

<Case A>

[0047] When the vehicle speed signal VEL is equal to
or smaller than a predetermined value, that is, when the
electric vehicle is determined as stopping, if the current
collector state signal PU indicates that both of the current
collectors 2a and 2b are in a state in which the current
collectors 2a and 2b are determined as being normally
in contact with the overhead wire 1, the selection process-
ing unit 64 selects the value of the signal A as the signal
ISLIM1 and outputs the value. That is, the signal
ISLIM1=200 A.

<Case B>

[0048] When the vehicle speed signal VEL is equal to
or smaller than the predetermined value, that is, when
the electric vehicle is determined as stopping, if the cur-
rent collector state signal PU indicates that any one of
the current collectors 2a and 2b is in a state in which the
current collectors is determined as being not normally in
contact with the overhead wire 1, the selection process-
ing unit 64 selects the value of the signal C as the signal
ISLIM1 and outputs the value. That is, the signal
ISLIM1=100 A.
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<Case C>

[0049] When the vehicle speed signal VEL is larger
than the predetermined value, that is, when the electric
vehicle is determined as traveling, if the current collector
state signal PU indicates that any one of the current col-
lectors 2aand 2bis in a state in which the current collector
is determined as being not normally in contact with the
overhead wire 1, the selection processing unit 64 selects
the value of the signal B as the signal ISLIM1 and outputs
the value. That is, the signal ISLIM1=160 A.

[0050] The limiting unit 65 adjusts, on the basis of the
signal ISLIM1 generated in this way, the magnitude of
the charging current command ICREF and generates the
signal IREF such that the input current IS to the converter
unit 10 is equal to or smaller than the signal ISLIM1. The
current control unit 67 performs control of the switching
device of the converter circuit 13 on the basis of the signal
IREF.

[0051] According to the operation explained above, for
example, when charging is performed during the stop of
the electric vehicle, if the current collector 2a is broken
and cannot rise, it is possible to control an input current
to the converter unit 10 to be equal to or smaller than a
current value that can be fed by the other non-defective
current collector 2b. Therefore, it is possible to prevent
the remaining non-defective current collector 2b from be-
ing damaged by an excessively large current. That is, it
is possible to charge the power storage unit 50 within a
range of an ability of the non-defective current collector
2b.

[0052] When charging is performed during the
traveling of the electric vehicle, for example, if the current
collector 2a is broken and cannot rise, it is possible to
limit an input current to the converter unit 10 to be equal
to or smaller than a current value that can be fed while
the other non-defective current collector 2b is traveling.
During the traveling, compared with when the electric
vehicle stops, a temperature rise of the contact place is
suppressed because the contact place with the overhead
wire 1 moves while sliding. Therefore, a current value
that can be fed to the current collector increases. In the
above example, the electric current that can be fed to
each of the current collectors 2a and 2b during the
traveling is set to 160 amperes. Note that a ratio of the
electric current that can be fed to the current collectors
2a and 2b during the stop and the electric current that
can be fed to the current collectors 2a and 2b during the
traveling is not limited to this example (100 A : 160 A).
[0053] In this way, during the traveling, it is possible to
increase the electric current of the non-defective current
collector 2b within a possible range (a range in which the
current collector 2b is not damaged). It is possible to
charge the power storage unit 50 within a range of the
ability of the non-defective current collector 2b.

[0054] Note that, as a simple form, the electric vehicle
control apparatus can be configured not to use a condi-
tion of the vehicle speed signal VEL. For example, the
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electric vehicle control apparatus can be configured to
perform control as explained below using only a state of
the current collector state signal PU. Note that, in this
case, the gain 62 among the gain 61, the gain 62, and
the gain 63 can be deleted.

<Case D>

[0055] When the current collector state signal PU in-
dicates that both of the current collectors 2a and 2b are
in a state in which the current collectors 2a and 2b are
determined as being normally in contact with the over-
head wire 1, the selection processing unit 64 selects the
value of the signal A as the signal ISLIM1 and outputs
the value. That is, the signal ISLIM1 = 200 A.

<Case E>

[0056] When the current collector state signal PU in-
dicates that any one of the current collectors 2a and 2b
is in a state in which the current collector is determined
as being not normally in contact with the overhead wire
1, the selection processing unit 64 selects the value of
the signal C as the signal ISLIM1 and outputs the value.
That is, the signal ISLIM1 = 100 A.

[0057] The limiting unit 65 adjusts, on the basis of the
signal ISLIM1 generated in this way, the magnitude of
the charging current command ICREF and generates the
signal IREF such that the input current IS to the converter
unit 10 is equal to or smaller than the signal ISLIM1. The
current control unit 67 performs control of the switching
device of the converter circuit 13 on the basis of the signal
IREF.

[0058] According to the operation explained above, for
example, when charging is performed during the stop of
the electric vehicle, for example, if the current collector
2a is broken and cannot rise, it is possible to control an
input current to the converter unit 10 to be equal to or
smaller than a current value that can be fed by the other
non-defective current collector 2b. Therefore, it is possi-
ble to prevent the remaining non-defective current col-
lector 2b from being damaged by an excessively large
current. Thatis, itis possible to charge the power storage
unit 50 within a range of an ability of the non-defective
current collector 2b.

[0059] Note that, in the above explanation, the charg-
ing operation for the power storage unit 50 is explained.
However, the operation for setting a limitation value on
the basis of the current collector state signal PU can also
be applied to an operation for discharging electric power
of the power storage unit 50 to the overhead wire 1. For
example, when the electric vehicle travels on a continu-
ous downhill grade in a non-electrified section with a re-
generative brake, it is assumed that electric energy ex-
ceeding the capacity of the power storage unit 50 is re-
generated. However, in such a case, an operation for
discharging excess electric energy is necessary. In this
discharge, when any one of the current collectors 2a and
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2b does not normally rise, as in the case of the charging
operation for the power storage unit 50, by limiting a dis-
charge current in the discharging to the overhead wire
1, it is possible to prevent the non-defective current col-
lector from being damaged.

Second Embodiment

[0060] FIG. 4 is a diagram of a configuration example
of a second embodiment of the electric vehicle control
apparatus according to the present invention. Constitu-
ent elements having functions same as the functions of
the constituent elements in the first embodiment are de-
noted by reference numerals and signs same as the ref-
erence numerals and signs in the first embodiment and
redundant explanation of the constituent elements is
omitted. Only differences from the first embodiment are
explained below.

[0061] As shown in FIG. 4, in this embodiment, a con-
verter unit includes two converter units 10a and 10b con-
nected in a parallel relation. Both of the converter units
10a and 10b are connected to the current collectors 2a
and 2b. The current collector state signal PU is input to
each of the converter units 10a and 10b. Note that, in an
example shown in FIG. 4, the converter unit includes the
two converter units. However, the present invention can
be applied as long as the converter unit includes two or
more converter units.

[0062] The internal configuration of each of the con-
verter units 10a and 10b is the same as the configuration
shown in FIG. 2 in the first embodiment and includes the
converter circuit 13 and the control unit 14.

[0063] FIG. 5is a diagram of a configuration example
of the control unit 14 in this embodiment. The control unit
14 in this embodiment includes an operation determining
unit 74, a switch 75, and a current control unit 67. The
vehicle speed signal VEL and the current collector state
signal PU are input to the control unit 14 in this embod-
iment. The ON/OFF signal GD to the switching element
incorporated in the converter circuit 13 is output from the
control unit 14.

[0064] When the vehicle speed signal VEL and the cur-
rent collector state signal PU are input to the operation
determining unit 74, the operation determining unit 74
performs determination explained below.

<Case A>

[0065] When the vehicle speed signal VEL is equal to
or smaller than a predetermined value, that is, when the
electric vehicle is determined as stopping, if the current
collector state signal PU indicates that both of the current
collectors 2a and 2b are in a state in which the current
collectors 2a and 2b are determined as being normally
in contact with the overhead wire 1, the operation deter-
mining unit 74 outputs a signal OK. Consequently, the
switch 75 is closed. The charging current command
ICREF is output to the current control unit 67 as the cur-
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rent command IREF. A charging operation is carried out
on the basis of the current command IREF.

<Case B>

[0066] When the vehicle speed signal VEL is equal to
or smaller than the predetermined value, that is, when
the electric vehicle is determined as stopping, if the cur-
rent collector state signal PU indicates that any one of
the current collectors 2a and 2b is in a state in which the
current collector is determined as being not normally in
contact with the overhead wire 1, the operation determin-
ing unit 74 of the converter unit 10a (or the converter unit
10b) does not output the signal OK. Consequently, the
switch 75 is opened. The charging current command
ICREF is cut without being output to the current control
unit 67. The current command IREF decreases to zero.
Therefore, an electric current of the converter unit 10a
(orthe converter unit 10b) decreases to substantially zero
and the charging operation stops.

[0067] As a logical example in which the signal OK is
not output, for example, the current collectors and the
converter units are regarded as a pair and the control
unit 14 of the converter unit 10a does not output the signal
OK when it is determined on the basis of the current col-
lector state signal PU that the current collector 2a is not
normally in contact with the overhead wire 1. Similarly,
the control unit 14 of the converter unit 10b does not
outputthe signal OKwhenitis determined that the current
collector 2b is not normally in contact with the overhead
wire 1.

[0068] Note that a relation between states of the cur-
rent collectors 2a and 2b and the converter units 10a and
10b that stop the charging operation can be opposite to
the relation explained above.

[0069] When the vehicle speed VEL is larger than the
predetermined value and the current collector state sig-
nal PU indicates that any one of the current collectors 2a
and 2b is in a state in which the current collector is de-
termined as being not normally in contact with the over-
head wire 1, the control unit 14 can output the signal OK
or cannot output the signal OK. For example, the control
unit 14 is configured to, even when the current collector
state signal PU indicates that any one of the current col-
lectors 2a and 2b is not normally in contact with the over-
head wire 1, output the signal OK under a condition that
the current collector does not change to an overheated
state if the electric vehicle is traveling and, even during
the traveling, when the current collector state signal PU
indicates that any one of the current collectors 2a and 2b
is not normally in contact with the overhead wire 1, not
to output the signal OK under a condition that the current
collector changes to the overheated state.

[0070] The electric vehicle control apparatus can be
configured to determine in advance the converter unit
that stops the charging control operation and, when it is
determined that any one of the current collectors 2a and
2b is not normally in contact with the overhead wire 1,
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stop the charging operation for the converter unit.
[0071] Thatis, as a concept, a configuration other than
the configuration explained above can be adopted as
long as the electric vehicle control apparatus is config-
ured to select, on the basis of a signal indicating a state
of each of a plurality of electrically connected current col-
lectors, whether a charging operation for a plurality of
converter units connected to the current collectors is car-
ried out or stopped (whether presence or absence of an
electric current of the converter units).

[0072] In this embodiment, the operation determining
unit 74 and the switch 75 are equivalent to a current ad-
justing unit that adjusts a value of the current command
IREF. The operation determining unit 74 and the switch
75 carry out and stop the charging operation for the con-
verter units by setting a value of the current command
IREF to ICREF or zero.

[0073] In FIG. 4, the number of the current collectors
and the number of the converter units are two. However,
the number of the current collectors and the number of
the converter units are not limited to this. For example,
when three current collectors and three converter units
are provided, the charging operation for the converter
units equivalent to the number of the current collectors
determined as being not normally in contact with the over-
head wire 1 is stopped.

[0074] As a simple form, the electric vehicle control
apparatus can be configured to select on the basis of
only the current collector state signal PU whether the
charging operation for the converter unit is carried out or
stopped. For example, when the current collector state
signal PU indicates that any one of the current collectors
2a and 2b is in a state in which the current collector is
determined as being not normally in contact with the over-
head wire 1, the electric vehicle control apparatus stops
any one of the converter units 10a and 10b.

[0075] As explained above, in the present invention,
the control unit 14 is configured to generate a current
command, which is a command for an electric current of
the converter unit functioning as a main circuit unit, and
control the electric current of the converter unit 10 as
desired on the basis of the current command. The current
collector state signal PU indicating at least state of the
current collectors is input to the control unit 14. The con-
trol unit 14 includes the current adjusting unit that adjusts
the magnitude of the current command on the basis of
the current collector state signal PU.

[0076] In the present invention, when the current col-
lector state signal indicates that any one of a plurality of
current collectors is in a state in which the current collec-
tor is not normally in contact with the overhead wire 1,
that is, a state in which electric power cannot be taken
in, the control unit 14 adjusts the magnitude of the current
command to further reduce the electric current of the con-
verter unit than when all the current collectors are in a
normal state.

[0077] Note that the configurations explained in the
embodiments indicate examples of contents of the
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present invention. It goes without saying that the config-
urations can be combined with other publicly-known tech-
nologies and the configurations can be changed to, for
example, omit a part of the configurations without depart-
ing from the spirit of the present invention.

Industrial Applicability

[0078] As explained above, the electric vehicle control
apparatus according to the present invention is useful for
a use as an electric vehicle control apparatus that charg-
es a power storage device during traveling or during a
stop.

Reference Signs List

[0079]

1 Overhead wire (Conductor)

2a, 2b Current collector (Pantographs)
3 Wheel

4 Rail

5a, 5b Current-collector-state detecting units
10, 10a, 10b  Converter units (Power converting units)
13 Converter circuit

14 Control unit

30 Inverter unit

40 Electric motor

41 Rotation detector

50 Power storage unit

61, 62, 63 Gains

64 Selection processing unit

65 Limiting unit

66 Current adjusting unit

67 Current control unit

74 Operation determining unit

75 Switch

100 Electric vehicle control apparatus
Claims

1. An electric vehicle control apparatus comprising:

a plurality of current collectors that take in elec-
tric power from an outside;

a power converting unit that converts a voltage
input through the current collectors into a direct
current having a predetermined value and out-
puts the direct current; and

a power storage unit connected to and charged
and discharged by the power converting unit,
wherein the power converting unit includes a
main circuit unit and a control unit,

wherein the control unit includes:

acurrentadjusting unitthat generates a cur-
rent command which is a command for an
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electric current of the main circuit unit, and
adjusts the magnitude of the current com-
mand on the basis of a current collector
state signal, the current collector state sig-
nal indicating whether the current collectors
are in a state in which the current collectors
can normally take in the electric power from
the outside; and

a current control unit that controls the elec-
tric current of the main circuit unit on the
basis of the current command.

The electric vehicle control apparatus according to
claim 1, wherein, when the current collector state
signal indicates that any one of the current collectors
is in a state in which the current collector cannot nor-
mally take in the electric current, the current adjust-
ing unit adjusts the magnitude of the current com-
mand to reduce the electric current than in a state in
which all the current collectors can normally take in
the electric power.

The electric vehicle control apparatus according to
claim 1, wherein the current adjusting unit further
receives as aninputa vehicle speed signal indicating
vehicle speed, and adjusts the magnitude of the cur-
rent command on the basis of the vehicle speed sig-
nal and the current collector state signal.

The electric vehicle control apparatus according to
claim 3, wherein, if the current collector state signal
indicates that any one of the current collectors is in
a state in which the current collector cannot take in
the electric current, the current adjusting unit adjusts
the magnitude of the current command to increase
the magnitude of the electric current when the vehi-
cle speed signalis larger than a predetermined value
than when the vehicle speed signal is smaller than
the predetermined value.

An electric vehicle control apparatus comprising:

a plurality of current collectors that take in elec-
tric power from an outside;

a plurality of power converting units that convert
avoltage inputthrough the current collectors into
a direct current having a predetermined value
and outputs the direct current; and

a power storage unit connected to and charged
and discharged by the power converting unit,
wherein the power converting unit includes a
main circuit unit and a control unit,

wherein the control unit generates a current
command which is a command for an electric
current of the main circuit unit, controls the elec-
tric current of the main circuit unit on the basis
of the current command, and controls presence
or absence of the electric current of the main
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circuit unit on the basis of ae current collector
state signal, the current collector state signal in-
dicating whether the current collectors are in a
state in which the current collectors can normally
take in the electric power from the outside.
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